Total polyphenol content and antioxidant/reducing capacity of stinging nettle (Urtica dioica L.) leaves and roots collected from wildgrown plants were investigated during the vegetation period. From both fresh and dried samples of leaves and roots, water extracts were prepared by brewing at 60, 80 and 100 °C for 3 hours, and ethanolic extracts of 20 % (v/v) and 70 % (v/v) by extracting at room temperature for 72 hours. The total polyphenol content was determined spectrophotometrically with Folin-Cioceltau reagent and the antioxidant capacity was measured by ferric reducing ability of plasma (FRAP) assay.
Introduction
Stinging nettle (Urtica dioica L.) is a herbaceous perennial weedy plant. It has spread out worldwide nearly anywhere, it is common in Hungary too. Stinging nettle has been used as a medicinal herb since ancient times, and it is still often applied in traditional and folk medicine for a wide array of disorders. It is widely known as diuretic agent for treatment of rheumatism and arthritis [1] . It has anti-inflammatory, antimicrobial, antioxidative and analgesic effects [2] [3] [4] . Nettle is known to boost the immune system and to prevent anaemia [5] . It is suggested to treat hypertension and heart diseases [6] , to inhibit the growth of breast [7] , prostate [8] , and lung [9] tumor cells. It may reduce the symptoms of Alzheimer's disease [10] and respiratory allergies [11] . Aqueous ethanolic extracts of U. dioica are demonstrated to be effective for weight reduction in obese or overweight [12] . Medicinal properties of nettle are associated with its high mineral element (Ca, Mg, Zn, Mn, Cu) [13] , and vitamin (provitamin A carotenoids, B 2 , B 5 , B 9 , C, D, E, K) contents [13] [14] [15] . In addition, active compounds with reducing properties such as polyphenols are important for human health. Polyphenol components are secondary metabolites of plants and are involved in defence against biotic and abiotic stresses [16] [17] [18] [19] . Consumption of plant polyphenols by vegetables, fruits, and herbs can improve the antioxidant status of human body.
Due to its very high polyphenol and phenolic acids (rutin, quercetin, isoquercetin, caffeic acid, chlorogenic acid, ferulic acid) content, stinging nettle has a high reducing/antioxidant capacity, besides its antimicrobial activity against human pathogens. Nettle also plays an important role in preventing and healing diseases [13, [20] [21] [22] [23] .
The aim of this study was to characterize the beneficial effects of nettle leaf and root extracts prepared by different extraction methods and to determine the optimal harvest time of leaves and roots.
Materials and methods
Leaves and roots of wild grown Urtica dioica were harvested four times during the vegetation period, on brown forest soil in the central region of Hungary. Fresh plant material (in the case of first and last collecting time also dried samples) were analyzed. All investigations were carried out triplicated.
Preparation of fresh samples. Directly after collecting the whole plants, leaves and roots were separated. Fresh leaves were cut into small pieces. Roots were thoroughly washed and finely chopped.
Preparation of dried samples. Leaves and roots of the collected whole plants were separately washed, than dried at 30 °C, in a light-protected, airy place for 2-3 weeks. Dried plant parts were grinded by knife mill (Retsch GM 200 Grindomix) and ball mill (MM 400). The particle size was determined using a Fritsch Analysette 22 laser diffraction apparatus. Particle size of the leaves was 149.96 ± 1.18 µm, and that of the roots was 42.25 ± 3.05 µm.
Determination of dry matter content. The dry matter content of the samples was determined with a KERN MLS 50-3HA160 rapid moisture meter, the results were given in %. Dry matter content of the fresh leaves was 18.25 ± 0.84 %, that of the dried leaves was 90.80 ± 0.02 %. For fresh and dried roots 22.90 ± 0.90 % and 91.07 ± 0.08 % were measured, respectively.
Preparation of water extracts. Water extracts were prepared by adding 100 ml of distilled water to 1 g of fresh samples. Triplicated extracts were placed in a water bath at 60, 80 and 100 °C for 3 hours in a closed system. Control extract was made like a common tea: 1 g of fresh samples was infused with 100 ml of boiling water (100 °C). Cooled extracts were centrifuged at 13000 rpm for 10 min at room temperature, and the supernatants were stored at −32 °C until analyses.
Preparation of ethanolic extracts. 100 ml of 20 % aqueous ethanol (water/ethanol 80/20 v/v, 20 °C) and of 70 % aqueous ethanol (water/ethanol 30/70 v/v, 20 °C) were added to 1 g of plant samples, than stored at room temperature for 72 h. Extracts were centrifuged at 13000 rpm for 10 min at room temperature, and the supernatants were stored at −32 °C until analyses.
Total polyphenol content (TPC) was determined by the method of Singleton and Rossi [24] with Folin-Ciocalteu reagent. Color change during the reaction was detected by a spectrophotometric method (λ=760 nm). The results were expressed in gallic acid equivalent (mM GAE/g dry matter).
The total antioxidant capacity of the different extracts was measured by the FRAP method of Benzie and Strain [25] . The reaction causes a blue colour change, which can be detected spectrophotometrically at λ=593 nm. The results were expressed in ascorbic acid equivalent (µM AAE/g dry matter).
Results

Investigation of water extracts during the vegetation period
Total phenol content and antioxidant capacity of water extracts were determined from the earliest possible harvest time until the end of vegetation.
Total polyphenol content of fresh samples
Total polyphenol content measured in the fresh leaves was 30-50 % higher than in the fresh roots, in all water extracts ( Fig. 1-2 ). Results on total phenolic content in water leaf extracts obtained by other authors are in accordance with our data [26] [27] [28] . Total polyphenol concentration of water extracts of fresh leaves decreased during the vegetation period, it was the highest in April, and the lowest in October. The sampling time phases did not influence the total polyphenol content of water extracts of the roots, it was constant during the vegetation period.
Based on our results, in the case of water extracts of both fresh leaves and roots, higher temperature resulted in a slight increase of total polyphenol content ( Fig. 1-2 ). This trend could not be found for the leaves harvested in October, at the end of the vegetation period, as the total phenol content decreased with increasing extraction temperature ( Fig. 1-2 ). As shown in the diagrams, polyphenols could be extracted in a higher amount by the longer extraction at higher temperatures compared to the control, common tea preparation method.
In this study, the highest total polyphenol content in water extracts of nettle leaves and roots could be detected in April and May, hence the optimal harvest time for both plant parts is in the spring. This result is in accordance with findings published previously [29] [30] .
Antioxidant capacity of fresh samples
Antioxidant capacity of fresh leaves was approximately two-fold larger at the beginning of vegetation than that of roots. This difference was smaller at the other sampling times ( Fig. 3-4 ).
Antioxidant capacity of water leaf extracts was influenced by the sampling time. It was the highest for the fresh leaves collected in April. In May and June this parameter had similar values, but significantly lower than at the beginning of the vegetation. The lowest antioxidant capacity was obtained for leaves harvested in autumn. However, the phenological phase had no effect on antioxidant capacity of root extracts ( Fig. 3-4) .
The extraction temperature and brewing time influenced the antioxidant capacity of fresh leaves only at the first and the last harvest time, it was greater at longer extraction and higher temperature. However, in May and June, the antioxidant capacity was significantly lower in water extracts brewed for 3 hours than in the infusion (control). The antioxidant capacity in water extracts of fresh roots was significantly higher by extraction at 80 and 100 °C for 3 hours than at 60 °C and in the control infusion.
Investigation of ethanolic extracts during the vegetation period 3.2.1 Total polyphenol content of fresh samples
In the spring and summer, the total polyphenol content of fresh nettle leaves measured in ethanolic extracts was significantly higher than that of fresh roots (Fig. 5 ). This result is in accordance with the findings of Otles and Yalcin [20] who investigated methanolic extracts of nettle leaves and roots.
For the lower ethanolic concentration of leaves, the highest total phenolic content was detected in April ( Fig. 5 ). Total phenolic level was significantly lower in May, at the phenological stage of stalk elongation, and it was high at the flowering stage. The higher ethanolic concentration resulted in constant high total phenolic concentrations for the leaves collected in the spring and summer, and a significantly lower phenolic level was measured in the Changes in the total polyphenol content of nettle leaves during the vegetation period were detected also by other authors, however, with diverse results. Nencu et al. [29] measured the highest phenolic content in the young leaves in the spring, and its level decreased up to the flowering stage of the plant. Biesiada et al. [31] found that total polyphenol content of leaves decreases continuously from spring to autumn. However, Roslon and Weglarz [30] reported an increase in the total phenol content of nettle leaves up to the flowering, and then a decline in the phenolic concentration.
Total polyphenol content in water extracts of fresh leaves and roots was significantly greater than in ethanolic extracts at every harvest time. In the case of roots, similar values were found in both water and ethanolic extracts.
The higher concentration of ethanolic solvent caused a decrease in the polyphenol level of leaf extracts, especially in samples collected in April and June, while in May and in October significant differences were not found between the 20 % and 70 % solvent (Fig. 5 ).
Antioxidant capacity of fresh samples
The higher concentration of ethanolic solvent resulted in significantly higher antioxidant capacity for both fresh leaves and roots at every harvest time (Fig. 6) .
In leaf extracts of the lower ethanolic concentration, FRAP values showed the same trend during the vegetation as total phenol content. The highest antioxidant capacity was obtained in April, then it decreased at the phenological stage of growth, it increased again at the flowering, while the FRAP value was the lowest in the autumn (Fig. 6 ). The higher etanolic concentration caused higher antioxidant activities in the leaf extracts, FRAP values were the highest in April and May, then the antioxidant capacity decreased in the summer, and showed the minimum level in October. The same trend was obtained by some authors [31, 32] . Table 1 summarizes the data measured for both dried leaves and roots collected at the beginning and at the end of vegetation. Our data for total polyphenolic level in extracts of dried nettle leaves are in accordance with results reported by other authors [33, 34] .
Investigation of dried leaves and roots
Total polyphenol content of dried leaves was significantly higher for samples collected in April than for that in October. This relationship could be obtained for all extraction methods. Dried roots collected in April also showed greater total polyphenol content regardless of heat treatment and ethanol concentration.
Total polyphenol content was found to be higher for the leaves than for the roots with all extraction methods.
The extraction method had a considerable effect on the polyphenol level: water extracts had higher total phenol content than ethanolic extracts. The brewing temperature and time had much lower influence than in the case of fresh samples.
Antioxidant capacity also showed higher values for both dried leaves and roots harvested in April than for that in October. However, the difference between the two collecting times was not as high as for the total phenol content.
Antioxidant capacity of both leaf and root extracts increased with higher extraction temperature, the most effective extraction method was the brewing at 100 °C for 3 hours. The higher ethanol concentration caused a decrease in antioxidant capacity for both leaves and roots. 
Conclusions
In this study, the influence of the phenological stages on total polyphenol content and antioxidant activity of leaves and roots of stinging nettle (Urtica dioica L.) were extensively investigated. Both fresh and dried plant parts were extracted in different ways. Water extraction was made at different temperatures, and ethanolic extraction was carried out with two different concentrations.
Leaves of stinging nettle accumulate the polyphenol compounds in a higher amount than the roots during the whole vegetation period. This could be stated regardless of the extraction solvent.
The highest polyphenol content and health-promoting reducing activity were found in the water extracts of fresh leaves collected at the beginning of the vegetation period.
Raising the brewing temperature resulted in a significant increase of total polyphenol content and antioxidant capacity. It may be caused by further synthesis of polyphenol compounds in secondary processes improving the reducing activity.
The total polyphenol content of the leaves decreased from spring to autumn. However, that of roots showed a slight increase at the end of the vegetation.
Water extraction allows a release of more polyphenol compounds having reducing activity, compared to the ethanolic extraction. Using longer extraction time than for common tea preparation (infusion) is definitely a more effective method.
Most of the scientific works investigating polyphenols and antioxidant activity in stinging nettle, are focused on alcoholic leaf extracts. The total polyphenol levels detected in this study were similar to the findings of some authors [27, 29, 31, 35, 36] , but differed markedly from the results of other researchers [28, [37] [38] [39] . These high differences might be caused by several biotic and abiotic factors. Some researchers [20, 39] reported that the habitat has a big influence on the accumulation of phenolic compounds in nettle leaves. As shown also in this study, total phenol content and antioxidant activity vary greatly among the different phenological stages of the plant [29] [30] [31] . The extraction solvent and the extraction conditions have a determining effect on the antioxidant properties of the extracts [35] .
For acquiring the highest polyphenol level and antioxidant properties, it is recommended to harvest nettle leaves in the spring, at the beginning of the vegetation period. By extraction of dried leaves, more reducing compounds could be detected than in the case of fresh plant material, probably due to the smaller and more homogeneous particle size of dried samples. 
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